Emergency chest reopen of the post cardiac surgical patient in the intensive care unit is a high-stakes but infrequent procedure which requires a high-level team response and a unique skill set. We evaluated the impact on knowledge and confidence of team-based chest reopen training using a patient simulator compared with standard video-based training. We evaluated 49 medical and nursing participants before and after training using a multiple choice questions test and a questionnaire of self-reported confidence in performing or assisting with emergency reopen.
Emergency chest reopen in the post-cardiac surgical patient is an uncommon event in the typical surgical intensive care unit (ICU), but one which requires a rapid co-ordinated response incorporating high-level resuscitation skills as well as the ability to perform a specific technical task. Opportunities to acquire these technical skills outside of the arrest situation are uncommon and intensive care trainees may not perform a single reopen during their training time.
Simulation-based training is a relatively new training method in intensive care medicine. The use of simulation in intensive care has been advocated as a means for medical education, equipment testing, practical procedure training, crisis training, training in non-technical skills such as communication and teamwork, as well as evaluation and credentialling of medical skills [1] [2] [3] [4] [5] [6] . Simulation-based training is ideal for situations where the cost of experimentation is high or where the complexity of what is being learned requires multiple attempts 7 , and these situations are frequent in the critical care environment. However there is a paucity of outcomebased data to support the use of simulation-based training, with most literature based on observational reports or participant satisfaction surveys 8, 9 . Uptake of high-fidelity simulation-based training has been slow, possibly due to perceived high cost and logistic impediments to training at an offsite skills development centre.
We postulated that as post-cardiac surgical reopen was a low frequency but high stakes procedure, it was ideally suited to simulation-based training where the appropriate skills could be practised in a realistic but controlled environment. We endeavoured to provide this training at minimal incremental cost, using the ICU itself to replicate a real world scenario and actual medical and nursing teams.
MATERIALS AND METHODS
We compared two methods of training in reopen procedures for the post-cardiac surgical patient. One group received video-based training, while the other received simulation-based training using a manikin.
Simulation training for cardiac reopen
Anaesthesia and Intensive Care, Vol. 37, No. 1, January 2009 The standard method for cardiac reopen training in our unit involved watching an instructional video prepared by a staff cardiac surgeon and ICU nursing staff. In the video, there was discussion about the indications for emergency reopen and a demonstration of equipment, essential staff and reopen technique. An advanced life support resuscitation manikin was used to simulate a postsurgical patient in the video. The duration of the video presentation was 30 minutes.
The simulation group were trained using a patient simulator in a standard patient bed space in the surgical ICU. A resuscitation manikin was modified for the purposes of simulating the postcardiac surgical patient. An out-of-service basic life support trainer (Resusci Anne, Laerdal Medical Corporation, Norway) was altered to create a cardiac reopen part-task trainer. The latex skin of the manikin's chest was divided with a scalpel to simulate a surgical wound, then sutured and dressed. The plastic sternum of the manikin was sawn in half then wired together using surgical sternal wires. Cardiac drains and pacing wires were inserted. The manikin was intubated and ventilated to more realistically replicate the post-surgical patient.
To provide an additional layer of fidelity to the scenario, a laptop computer running Sim-Man Software 3.3 (Laerdal Medical Corporation, Norway) was connected via VGA cable to the display unit of a standard patient monitor at the bedside. This permitted the simulation of invasive monitoring with waveforms and altered vital signs such as elevated central venous pressure and low arterial blood pressure. Arrhythmias could also be simulated on the monitor.
The scenario-based teaching session involved small groups of medical and nursing staff. In each scenario-based session, the simulated patient would develop deranged vital signs consistent with acute pericardial tamponade and impending cardiac arrest. Participants would be required to identify the need for emergency reopen in ICU, alert the appropriate surgical and intensive care staff, arrange and open the necessary equipment and go through the procedure of opening the chest, including cutting the sternal wires. The time required for each group of three to five staff to complete the reopen procedure was 20 to 30 minutes.
Evaluation
Staff members were provided with an identical questionnaire before and after training. The questionnaire comprised an objective and a subjective component. The objective component consisted of 10 multiple choice questions (MCQ), all single correct answer format (please see online version for Appendix A). Topics covered in the MCQ included the location of essential equipment, which staff members needed to be called in the event of a reopen, necessary drugs and equipment and steps involved in preparing for a reopen procedure. The subjective component (please see online version for Appendix B) involved three questions relating to degree of confidence performing, assisting or coordinating an emergency reopen procedure and one question relating to familiarity with roles in an emergency reopen. The subjective questions were scaled on a five-point Likert scale. Completion of the questionnaire was anonymous, although each questionnaire was labelled with a unique identifier to permit comparison of individual pre-and posttest scores. No record was kept of participant names.
Fifty-one staff members completed the pre-test questionnaire. Two staff members (one from each group) were called back to clinical duties during the training exercise and did not complete training or the post-test questionnaire. Their results were excluded from further analysis. Of the remaining 49 staff members, there were nine medical and 40 nursing staff. Medical staff varied in experience from postgraduate year three to intensive care consultants. Nursing staff varied from new graduates to clinical nurses with more than five years' intensive care experience. Twenty-five staff members participated in simulation-based training, while 24 completed video training.
The evaluation exercise was completed over five training sessions (three manikin-based and two video sessions). Participant selection was on a convenience sample basis -i.e. those rostered to work on the day of the training session. No participant had previously completed reopen procedure training in our ICU. Although participation in the education session was part of mandatory unit-based training, participants were advised that participation in the evaluation process was voluntary. No staff member declined to participate in the evaluation.
As this comprised an evaluation of training methods in use in our ICU, ethics committee approval was not sought. The simulation-based training utilised a 'pause and discuss' model of delivery where teaching and participant action occurred simultaneously during each session. Formal post-session debriefing was not performed.
Statistical methods
The evaluation forms were marked by two independent markers who were blinded to the allocation group of the participants. The markers were provided with an answer template. Interobserver discrepancies in the graded results were resolved by review of the original papers.
One participant in the manikin group completed the MCQ but did not answer the subjective questions on either the pre-or post-test and they were excluded from analysis of that component. One participant in the video group completed the MCQ and the subjective pre-test but not the post-test. For the purposes of analysis, their post-test responses were assumed to be the same as their pre-test responses. Their pre-test responses were retained for the purposes of evaluating baseline characteristics of that group.
The multiple choice results were evaluated using parametric tests. The two-tailed t-test was used to compare the pre-test results (equivalence at baseline) and the post-test results between groups as well as the pre-and post-test difference between groups. The paired t-test was used to compare pre-and post-test performance within each group.
The subjective results were considered to be ordinal data and evaluated using non-parametric tests. The Mann-Whitney U-test was used to compare the pre-test results and the post-test results between groups as well as the difference in the pre-and post-results. The Wilcoxon matched pairs test was used to evaluate pre-vs. post-test scores within each group.
Statistical analysis was performed using Statistica (Version 6, Statsoft, Tulsa, Ok, USA) and Microsoft Excel 2003 (Microsoft Corporation, Redmond, WA, USA).
RESULTS
In terms of pre-test performance, the groups were statistically equivalent. The manikin group did score somewhat lower for their subjective scores than the video group, although this did not reach significance.
Mean results were higher than anticipated at baseline for both groups. The mean pre-test MCQ score (out of 10) was 6.5 for the manikin group and 7.0 for the video group (P=0.23).
For the subjective results, the mean summed subjective pre-test score (out of a possible 20) was 9.0 for the manikin group and 11.2 for the video group ( Table 2) . The difference between these was almost statistically significant (P=0.07).
On the post-training evaluation, overall scores did not differ significantly between the two groups for the MCQ component (P=0.28) or the subjective assessment (P=0.92).
Both groups improved significantly in their posttest performance in both objective and subjective scores. The manikin training group made a mean improvement of 1.9 on the MCQ (P <0.0001) and a mean improvement of 3.9 on the subjective score (P <0.0001). The video training group improved by a mean of 0.9 on the MCQ (P=0.02) and a mean of 1.2 on the subjective assessment score (P=0.03).
Comparing the pre-and post-test differences (i.e. improvement with training), the manikin group improved their scores more than the video group in both the objective and subjective components. Comparing the difference in improvements between the groups, the MCQ score improvement (1.9 vs. 0.9) was significantly better for the manikin group (P=0.03), as was the improvement in the subjective assessment scale (3.9 vs. 1.2, P=0.002).
Although the groups were statistically equivalent at baseline, there was an almost significant difference in baseline subjective scores with the manikin group less confident than the video training group. This explains the fact that although the groups were not significantly different on either their pre-test or post-test evaluation, the difference in the pre-post scores (i.e. degree of improvement with training) between the groups did achieve statistical significance.
With the limited sample size of this study, it is difficult to present the higher pre-vs. post-scores in the manikin training group as a robust indicator of improved training with this teaching modality. Had the groups been more equivalent at baseline the nature of the effect may have been more apparent. However we do assert that manikin-based training was certainly not inferior to, and quite possibly superior to, video-based training for acquisition of both knowledge and confidence in the procedure of post-cardiac surgical reopen.
DISCUSSION
Quoted overall survival to discharge rates in adult patients after emergency chest reopen following cardiac surgery range from 17 to 25% 10, 11 . Time to resternotomy was found to be a critical determinant of survival in a six-year audit from Papworth 11 . There was a 48% survival to discharge rate amongst those reopened within 10 minutes, compared to 12% in those reopened after 10 minutes.
With these factors in mind, the European resuscitation council guidelines 12 recommend reopening the chest within 10 minutes of cardiac arrest in the cardiac surgical patient, with a recommendation to "consider training the nonsurgical medical staff to open the wound and remove surgical wires while the surgeon is summoned".
Simulation-based training may have a role to play in improving outcomes following emergency post-cardiac surgical reopen. A three-day simulationbased course (the Cardiac Surgery Advanced Life Support Course) has demonstrated a significant reduction in time to reopen during a simulated cardiac arrest 13 .
We have demonstrated that both video-and manikin-based training are effective in improving knowledge and confidence in performing emergency reopen. We believe that manikin-based training has additional utility due to enhanced familiarity with the actual equipment being used and by providing a hands-on, clinically relevant experience for the participants. Comparing the impact of video-and manikin-based training on gains in knowledge and confidence, the manikin-based training seemed to have a greater magnitude of effect in improving confidence.
Aside from their use as a training tool, in situ simulation based teaching sessions have the ability to identify potential systems issues and equipment problems that are likely to arise during a genuine emergency. Rehearsal of a crisis situation in the ICU itself provides a means for quality improvement and streamlining of protocols for management.
The equipment used for this training program was available at little cost. A key principle of simulation-based training is maximising participant learning by making the scenario as close to real life as possible 7 . We managed to achieve this without major capital outlay using available materials. A basic life support manikin was easily modified to create a task-specific trainer for the reopen procedure. Additional fidelity was added by using Sim-Man software and reproducing deranged vital signs on the standard bedside monitor. Other than the software itself (which was a licensed product obtained from the Queensland Health Skills Development Centre), the only additional equipment needed for this was a laptop computer and a VGA cable.
The major expense for simulation-based training is staff time. Although we did not perform a cost analysis, there would have been a substantial difference in delivery cost between the two training methods. Excluding video production costs, the video-based training required only 30 minutes of participant time. Manikin-based training involved 30 minutes of time per groups of three to five participants, as well as two staff members (one to supervise the simulation and one to lead the exercise). Depending on the size of the participant group, the manikin training required two to three times as much staff time to deliver. Despite the additional expenditure, we believe that this represents a costeffective method due to the benefits of increased participant confidence and the ability to trial systems and equipment in a life-like crisis situation.
